Background: Postoperative endophthalmitis is one the most serious complications of cataract surgery. The majority of causative organisms in this destructive infection come from the patient's own periocular flora. Efforts have been made to reduce the virulence of organisms in the eyelid and conjunctiva with perioperative topical antibiotics, preparation of surgical field, covering eyelids and conjunctival surface with 5% povidone-iodine solution and intracameral antibiotics at the time of surgery to minimize the risk of endophthalmitis.
Background
Cataract surgery is one of the most common ophthalmic surgical procedures currently performed and has become one of the most prevalent surgeries because of the growth of the elderly population (1, 2) . Postoperative endophthalmitis is one the most serious complications of cataract surgery that always presents a poor visual prognosis (1) (2) (3) (4) (5) (6) (7) (8) . Despite the low incidence rate of endophthalmitis (0.03-0.015), large numbers of cataract surgeries contribute to this low rate and thus preventive measures are important (3, 6, 8, 9) . Several studies have shown that the eyelids and conjunctiva are the source and the origin of endophthalmitis following cataract surgery (3, 4, (6) (7) (8) .
Phacoemulsification using topical anesthesia is at present the most common cataract surgery technique (10) (11) (12) (13) . In this method, the small incision may not be completely closed by stromal hydration and a potential space may remain between anterior the chamber and cul-de-sac for hours after surgery (9) (10) (11) (12) (13) . Consequently, the elimination or reduction of microorganisms contained in the surgical field requires deliberate attention. The belief that the organism responsible for endophthalmitis may enter the eye, during surgery (10) (11) (12) (13) , has led to the use of antibiotics as infusion or injection within the anterior chamber (AC) (1, (14) (15) (16) (17) (18) , although minute variation error in antibiotics concentration may induce endothelial cell decompensation and irreversible corneal edema (4, 15) .
Increasing injection of antibiotics within the AC following cataract surgery, especially after the European Society Cataract and Refractive Surgery (ESCRS) study, has led to decreased postoperative endophthalmitis by about five folds compared to the control group (1, 14, 16) . However, the use of topical levofloxacin and third and fourth generation fluoroquinolones (1, 15) for up to one week after surgery, may still allow the transmission of the organism from the conjunctiva and eyelid, especially during the first post-operative day, which means there remains a strong possibility for endophthalmitis (7, 9, 11) . At present, among different methods of preoperative prophylaxis, applying 10% povidone-iodine to prepare the skin of the eyelid and use a 5% povidone-iodine with or without third and fourth generation fluoroquinolones, are the most acceptable methods that reduce cul-de-sac microbial colonies and possibility of endophthalmitis (2, 5-8, 10, 12, 14, 16, 17) . However, there is no consensus about proper methods for post cataract surgery.
Objectives
Thus, in this study we assessed the effect of subconjunctival injection of cefazolin and placing one drop of 10% povidone-iodine in the conjunctival sac on the bacterial colony forming units at completion of surgery until the first day post-surgery.
Patients and Methods

Study Design and Population
This double-blinded, randomized clinical trial was conducted on 122 patients, who had undergone cataract surgery at Imam Khomeini Hospital since October 2011. This study was approved by Ahvaz Jundishapur University of Medical Sciences ethics committee and an informed consent was obtained from all patients.
Drug
Povidone-iodine (5% and 10%) was purchased from IRAN Najo pharmaceutical Co., Tehran, Iran. Cefazolin was obtained from Jaber Ebre Hayyan pharmaceutical MFG Co, Tehran, Iran.
Inclusion and Exclusion Criteria
Ophthalmic patients without active infection were included. Subjects who were using topical or systemic antibiotics, had a history of sensitivity to iodine, a history of previous eye surgery, pregnant women and those who refused to participate were excluded.
Intervention
Patients were randomly divided in to two groups, including group 1 (cefazolin injection under the conjunctiva at the end of surgery) and group 2 (povidone-iodine recipients at the end of surgery). In both groups, before the preparation of the operation filed, two samples from each eyelid, conjunctiva, and the fornix were collected using sterile swabs impregnated with sterile distilled water. The samples were then aseptically inoculated using the linear method to blood and chocolate agar media to determine bacterial colony counts. After preparing the patient's skin, their cheeks and forehead were washed using povidone-iodine 10%, their eyelids and eye lashes were covered with a sterile adhesive, and next to where the speculum was placed, the edge of the eyelids were washed using swabs emulsified in povidone-iodine 10% and all patients received povidone iodine 5% in the conjunctival cul-de-sac for 3 minutes before the operation.
All cataract surgeries were performed according to standard methods of phacoemulsification, through the temporal clear corneal incision by two surgeons, also operating at the Imam Khomeini Hospital. After finishing the surgery, another sampling of the conjunctiva and the fornix was performed, using the above mentioned method. In Group 1, 50 mg of cefazolin (0.5 CC of 100 mg/ mL) was injected under the conjunctiva and in Group 2, a drop of povidone-iodine 10% was applied on the conjunctival sac. The patient's eye was covered by a bandage patched and protected by a plastic shield and the collected samples were sent to the laboratory incubator.
The day after the surgery (with a time interval of 14 ± 2 hours from termination of surgery) after removing the bandage, two samples were collected from the eyelid and conjunctival sac and inoculated in the aforementioned manner and sent to the laboratory. Besides, the blood agar plate was incubated at 37 °C under anaerobic conditions and the chocolate agar plate was incubated in 5% CO 2 at 37 °C; all plates were incubated for 24 to 48 hours. All plates were examined macroscopically for the presence or absence of bacterial colonies. The colony counts have performed at each time point according to the colony-forming units (CFU). Following two days of incubation, each specimen was analyzed by the laboratory scientist, and when colonies were present, basic bacteriology identification tests were performed to identify the present bacteria. In this, study antibiotic drops were not administrated for the days before and at the end of the surgery.
Statistical Analysis
Data were analyzed using the SPSS 15.0 software. Due to the highly abnormal distribution of data, the use of nonparametric tests was preferred over parametric tests. The Wilcoxon test was used to compare the observed count in each group and the Mann-Whitney test was used to compare colony count between the two groups. To determine the effect of povidone-iodine 10% solution and antibiotics at the end of the cataract surgery, conjunctival colony count and confidence limits of 95%, test power of 80% and sample size for P ≤ 0.05, were calculated.
Results
During this project, data were collected from 122 eyes of 122 patients with cataract. In group 1 (61 recipients of subconjunctival cefazolin), there were 34 (55.7%) males and 27 (43.3%) females, and in group 2 (61 recipients of povidone-iodine), there were 33 (54.1%) males and 28 (45.9%) females. The age range of patients in group 1 was 34-84 years, with a mean of 68.1 years, and in group 2 the range was 35-84 years with a mean of 67.2 years (P < 0.05). The mean rank of colony count of eyelid samples on blood and chocolate agars on the day after surgery in groups 1 showed 52% and 56% reduction and in second group reduction was 58% and 50% respectively (P < 0.05) compared to the day before surgery (Table 1) .
In Group 1 the median blood and chocolate agar colony counts changed from 100,000 preoperatively to 100 during the postoperative day, indicating a 99.9% reduction. In group 2 the median blood agar colony count decreased from 100,000 preoperatively to 290 during the postoperative day indicating a 99.7% reduction. These values regarding chocolate agar colony counts changed from 50,000 to 100, which indicates a reduction of about 99.8%. Comparing the colony counts of conjunctiva samples during the pre-operative and first postoperative days, in group 1 the mean rank of colony count blood and chocolate agars showed 48% and 45% reduction and in group 2 a 44% and 40% reduction was indicated, respectively; these results indicate a significant decline in colony counts on the first postoperative day compared to the preoperative day, for both groups (P < 0.05) ( Table  1) . However, the difference between the two groups was not significant (P > 0.1) ( Table 3) .
Between group comparisons of the colony counts of conjunctiva samples pre-surgery and at the end of surgery, was also done. In group 1, the mean rank of colony count blood and chocolate agars were 57% and 56%, and in group 2 these values were, 51% and 52%, respectively, showing a significant reduction, in colony counts of conjunctiva samples at the end of surgery compared to preoperative samples, in both groups (P < 0.05) ( Table  2 ) Mann-Whitney tests proved that this difference in the two groups is not statistically significant (P > 0.1) ( Table  3) . By comparing the colony counts of conjunctiva samples at the end of the surgery and the day after surgery, it was determined that in group 1 the mean rank of both blood and chocolate agars showed 27% and in group 2 these showed 20% and 21% increase, respectively, which reflects the proliferation of bacteria in the conjunctival crypts at the interval between the day after surgery compared to the end of surgery in both group (P < 0.05) ( Table 2 ). However, these differences between the two groups were not statistically significant (P > 0.1) ( Table 3) . 
Discussion
The primary source of postoperative endophthalmitis, are bacteria present in the eyelids and conjunctiva. Thus eliminating or reducing these microorganisms can decrease the risk of endophthalmitis (3). The clear corneal incision is the most common method in phacoemulsification surgery. Numerous reports have indicated (9-13) that even through completely sealed incisions, bacteria available in tears and the conjunctiva sac may possibly enter the eye in the early postoperative hours, which can lead to increased frequency of postoperative bacterial endophthalmitis (9-13). Taban and colleagues (9) showed that as India ink can cross the seemingly closed incision of the clear cornea and enter the anterior chamber, bacteria can also get into the eye.
Light micrographs that were obtained from the clear corneal incision without suture, revealed that India ink could penetrate across the incision. This phenomenon indicates that before any process of wound healing, tears and microorganisms can enter into the anterior chamber in the early stages after surgery, so the integrity of surgical incision is a crucial factor in postoperative bacterial endophthalmitis prevention. Many reports have demonstrated (9-12) the relationship between corneal incision diffects without suture and increasing frequency of postoperative bacterial endophthalmitis (9) (10) (11) (12) . In most cases the end of surgery incision is self-sealed or completely water tight after stromal hydration (9) (10) (11) (12) , however wound integrity is influ-enced by changes in intra-ocular pressure (IOP). A report showed (9) that 21% of eyes following phacoemulsification surgery from the clear corneal incision had IOP of 5 mmHg or less, which is a temporary hypotony in the first 24 hours and may allow the conjunctival microorganisms access the anterior chamber of the eye through the incision.
In vitro studies showed that tears and cul-de-sac content can enter the anterior chamber via single or two planed clear corneal incision (9) (10) (11) (12) (13) . Eye movements and eyelid squeezing in the immediate period after surgery with local anesthesia changes the IOP and transient wound gap, which facilitates bacterial entrance into the eye (8) (9) (10) (11) . Fluoroquinolones drops are prophylactic agents for the ocular condition before intraocular surgeries. The purpose of prophylactic use of antibiotics before cataract surgery is reducing pathogenic microorganisms in the eyelids and conjunctiva, and obtaining proper concentrations of antibiotics in the cornea and Aqueous humor (19, 20) . Thus, for the antibiotic to be effective it must not only have high tissue penetration but it should also be capable of eliminating conjugative bacteria (19) .
Bucci and colleagues (21) evaluated the ocular surface and aqueous antimicrobial effects of gatifloxacin and moxifloxacin administered in two dosing regimens on the normal florabacteria of patients undergoing phacoemulsification. The authors claimed that these two antibiotics equally reduced the chances of getting a positive culture of the organism from the aqueous liquid. Vasavada et al. conducted a prospective randomized triple-masked trial, including two parts, in which one part evaluated the aqueous concentration of moxifloxacin following two dosing regimens of topically administered moxifloxacin hydrochloride ophthalmic solution 0.5% (vigamox) (19) ; while the second part determined whether a regimen of vigamox administered on the day of cataract surgery reduces conjunctival bacterial flora. They claimed that both regimens produced substantially higher aqueous concentrations; topical moxifloxacin administered two hours before surgery achieved significantly higher aqueous concentrations. Other studies (1, 2, 17) were conducted on the efficacy of levofloxacin and showed that topical application of this antibiotic accompanied by washes with povidone-iodine, results a more effective reduction in bacterial ocular surface.
Another factor that effects endophthalmitis after phacoemulsification is incision diffect, Taban and colleagues showed (9) that 80% of postoperative bacterial endophthalmitis were related to incision diffects such as a wound gape and malposition. Simultaneous suture handling of corneal incision with application of povidoneiodine at closure, and initiation of antibiotic eye drops within the first 24 hours of surgery can reduce the risk of endophthalmitis (10) . Thus far, there has not been the possibility to create a sterile conjunctivitis (5) . The effect of 5% povidone-iodine as a broad spectrum antibiotic to reduce microbial flora of the conjunctiva and eyelids and decrease the incidence of endophthalmitis has been proven by many studies (1, 2, 5-10, 14-17, 19, 20) . Although, the use of topical antibiotics one hour before or during the day of the surgery reduces the microbial flora of the conjunctiva and eyelids, yet it does not eliminate the bacteria from the surgical field. Thus, the growth of organisms during the first hours after the surgery and the possibility of getting into the anterior chamber via surgical incision remains a potential risk for endophthalmitis (7, 8) . We tried using subconjunctival injection of cefazolin and povidone-iodine 10% to control microorganism replication during the early hours after surgery.
This study assessed the effect of post-cataract surgery conjunctival injection of cefazolin and 10% povidone-iodine on bacterial colony count at end of the surgery until the first post-surgery day, and showed no statistical difference between usage of povidone-iodine and antibiotics. Subconjunctival injection of antibiotics at the end of cataract surgery is one of the oldest prophylactic measures to prevent endophthalmitis (6) . But later studies showed that subconjunctival injection was not effective in prevention of endophthalmitis (7) . The effect of povidone-iodine as a broad spectrum antiseptic to reduce the incidence of endophthalmitis in the preoperative preparation period, has been reported by many studies (5-8, 10-12, 14, 16, 17) , which showed the use of povidone-iodine 5% in the fornix before the surgery, significantly decreases conjunctival colonies. Feghhi and colleagues approved the efficacy of povidone-iodine on corneal ulcers compared with standard antibiotics in animals (22) . Thus, the most acceptable method for preparation of the eyelid and conjunctiva, is the use of povidone-iodine, however the preferred method for the end of the surgery still depends on the surgeon's opinion (14-16, 18-20, 23) .
In this study we showed that the use of povidone-iodine before surgery is very effective in reducing conjunctival bacteria counts during the operation; eyelid mean colony counts on blood and chocolate agar decreased from 100,000 on the preoperative day to 100 on the postoperative day indicating about a 99.9% reduction rate. These values in the group that received subconjunctival antibiotics at the end of the surgery (Group A), decreased from 100,000 on the preoperative day to 290 on the days after the surgery showing about a 99.7% reduction (P > 0.1). However, the colony count of days after the surgery was significantly higher than that of the end of the surgery, in both study groups. Comparison of colony counts of the conjunctiva at the end of the surgery and on the first day after the operation for group 1, showed an increase of 27% and group 2, showed 20% and 21% increase; although in terms of numeric values, use of povidone-iodine, at the end of surgery was associated with less bacterial colony replication on the first day after the surgery, yet statistical comparisons showed no significant differences between the two groups (P > 0.1). This implies that the use of subconjunctival cefazolin and povidone-iodine at the end of the surgery, will continue reducing bacterial counts from the time of preparation before the surgery until the day after the operation. The reason is that despite all arrangements and preparations, a completely sterile conjunctiva in the fornices is probably unreachable, because this area has deep crypts, which despite using povidone-iodine preoperatively, complete sterility among these crypts is not possible (5) . Therefore, these residual values can grow in the interval between end of the surgery and the next day, and if no antiseptic agents are used at the end of the surgery, they may grow more and make further colonies that finally increase the risk of endophthalmitis.
It is important to mention that in none of the 122 patients, acute or chronic postoperative bacterial endophthalmitis was observed, and those patients, who were exposed to povidone-iodine 10%, tolerated this treatment well and no complications and adverse effects such as corneal edema or epithelial diffects, and sensitivity to povidone-iodine, were detected. In conclusion, due to the ease and cost efficiency of povidone-iodine 10% and patients good tolerance of this treatment, when the surgeon does not intended to use injected intracameral antibiotic at the end of the cataract surgery, pouring a drop of povidone-iodine 10% seems to be a simple and acceptable method to reduce the growth of microorganisms of the conjunctiva.
